Currency spillovers and tri-polarity : a simultaneous model of the US dollar, German mark and Japanese yen by MacDonald, Ronald & Marsh, Ian W.





Currency Spillovers and Tri-Polarity:    
a Simultaneous Model of the US Dollar, 
German Mark and Japanese Yen 
Ronald MacDonald and Ian Marsh
CURRENCY SPILLOVERS AND TRI-POLARITY: 
A SIMULTANEOUS MODEL OF THE US DOLLAR,
GERMAN MARK AND JAPANESE YEN
Ronald MacDonalda* and Ian W. Marshb
June, 1999
Abstract: This paper presents a simultaneous model of exchange rates
between the three major countries.  In addition to incorporating long-run
equilibria and short-run dynamics, the model is designed to capture
complex interactions between currencies not normally considered in
exchange rate models.  These interactions are shown to be important via
generalised impulse response analysis, and the model as a whole to be
an economically and statistically superior forecasting tool over relatively
short horizons.
JEL Code: F31
Keywords: Exchange rates, spillovers, forecasting, PPP, impulse response
a Department of Economics, University of Strathclyde, 100 Cathedral Street, Glasgow G4
0LN. Tel 44 141 552 4400, email r.r.macdonald@strath.ac.uk
b Department of Banking and Finance, City University Business School, Barbican Centre,
London EC2Y 4HB, and CEPR.  Tel 44 171 477 8609, email i.marsh@city.ac.uk
* Corresponding author.
NON-TECHNICAL SUMMARY
The advent of the euro means that the international monetary system will effectively be
characterised by a tri-polar currency structure, consisting of the US dollar, Japanese
yen and  euro.  Recently, there has been considerable interest in policy circles
regarding the operation and design of this system.  Should it be a freely floating system,
a managed float (based perhaps on a target zone arrangement) or one of complete
fixity?  In this paper we seek to shed some light on the operation of the new system by
considering a tri-polar exchange rate model consisting of the US dollar, Japanese yen
and German mark, which may be regarded as the antecedent to the new system.
Because of the different operational objectives of the European Central Bank relative
to the Bundesbank, the euro may, of course, have different properties to the mark.
Nevertheless, we believe that the study of the dollar-mark-yen system is useful both in
terms of indicating how a tri-polar network may be modelled, and also in suggesting
how such a system may behave in terms of its long- and short-run properties.
Long-run purchasing power parity (PPP) forms the basis of our modelling exercise.
While there is now general agreement that PPP does not hold in the short-run, except
for cases of (near) hyperinflation, as a long-run proposition the evidence is much more
favourable. Still, the fact that the majority of empirical papers on PPP reject the
restrictions of proportionality and symmetry is rather worrying for a PPP-based study.
This divergence from the theoretical value is sufficiently large for us to conclude that
something more than measurement errors is at hand, and in line with Cassel’s
synthesis of PPP and asset demand approaches to the exchange rate, we shall
augment the traditional PPP relationship. 
The particular approach used here to augment PPP entails supplementing the PPP
relationship with an interest differential.  This augmentation of the basic PPP model is
motivated through the balance of payments equilibrium condition under which the
current and capital accounts sum to zero.  Although this kind of representation of the
equilibrium exchange rate may be unfashionable from the perspective of open economy
macro-models, from an empirical perspective, and especially for a period such as the
recent float, it seems unreasonable to force stock-flow equilibrium, particularly with
respect to long-term capital movements. 
One of the deficiencies of many fundamentals-based models is that they often neglect
the dynamics inherent in the exchange rate process. To the extent that exchange rate
models do incorporate dynamics, they are often very limited in scope. The econometric
methods proposed here ensure a very rich dynamic specification for the exchange rate
relationship, and also for the equations of the other fundamental variables driving the
exchange rate. 
In addition to having a complex dynamic structure, the tri-polar model analysed here is
particularly designed to capture spillovers between  foreign exchange markets. Although
such spillovers are not typically modelled in the academic literature, it seems a natural
component of an exchange rate model since it is widely accepted that currency markets
are not independent.  One of the main contributions of this paper then is the emphasis
laid on the complex interactions among the variables in an exchange rate system.
The importance of such interactions is assessed by subjecting the model to a range of
shocks characteristic of the recent float.  The dynamic responses of each variable in the
system can then be graphed, often revealing long and complex lags in the adjustment
process, and transmission of disequilibrium around the system.
The model is also assessed using standard statistical criteria and also by what has
become the benchmark by which an exchange rate model is judged, namely its ability
to predict exchange rate movements in an out-of-sample forecasting exercise.  The
model fares well, statistically out-performing the standard benchmark models at all
forecast horizons in excess of two months for the yen, and five months for the mark.
Given the current interest in academic and policy circles in the behaviour of the tri-polar
relationship between the euro, dollar and yen, we believe our results are suggestive of
the functioning of such a system. Our approach suggests, for example, that such a
system will exhibit both long- and short-run predictability (and the interaction amongst
variables accords with economic intuition) and this may be useful from the perspective
of setting target zone bands and monitoring their evolution over time. Furthermore, our
analysis suggests that shocks to the system, originating in the system itself, do not
create excess exchange rate volatility. This in turn may give comfort to those who
favour a freely floating structure for the tri-polar grouping since it seems to imply that
the system will be more stable than a system based on multiple bilateral relationships.
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3.1  Generalised impulse response analysis
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4.2 Generalised impulse response analysis of the tri-polar system
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Residual diagnostics — Tri-polar System
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Actual and Fitted for DJAS















































Actual and Fitted for DGEP










































Actual and Fitted for DJAP











































Actual and Fitted for DUSP










































Actual and Fitted for DGEEURO











































Actual and Fitted for DJAEURO












































Actual and Fitted for DUSEURO












































beta1`  * Zk(t)










beta1`  * Rk(t)
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The eigenvalues of the companion matrix
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